Although there is an established association between unprovoked venous thromboembolism (VTE) and cancer, it is unclear to what extent testing should be done in these circumstances to allow early detection of occult cancers. Using data from the SOME trial, this study compared the cost effectiveness of adding a comprehensive cancer screening strategy that included computed tomography (CT) of the abdomen/pelvis and virtual colonoscopy, with a more limited screening strategy.
Introduction
Venous thromboembolism (VTE) can be classified as either provoked, when it is associated with a transient risk factor such as trauma or surgery, or unprovoked when it is associated with neither a strong transient risk factor nor overt cancer. Up to 10% of patients with unprovoked VTE are diagnosed with cancer within a year of their index VTE (Carrier, Le Gal et al. 2008) . Thus, unprovoked VTE may be an early sign of cancer (White, Chew et al. 2005) .
Although there is a known association between unprovoked VTE and cancer, it is unclear to what extent testing should be done in patients with unprovoked VTE to allow early detection of occult cancers. A current guidance statement recommends patients undergo limited screening, generally consisting of basic blood testing, chest radiography and age-and sex-appropriate screening for breast (a mammogram), cervical (Papanicolau smear) and prostate (PSA test) cancer (Khorana, Carrier et al. 2016) .
A recent randomized controlled trial (Screening for Occult Cancer in Unprovoked Venous Thromboembolism Study (SOME)) studied whether a more extensive screening strategy that added comprehensive computed tomography (CT) of the abdomen and pelvis and virtual colonoscopy to a limited screening strategy would improve both detection of cancer and patient related outcomes (Carrier, Lazo-Langner et al. 2015) . The trial found that an extensive screening strategy did not lead to fewer missed cancers compared to a limited screening strategy.
There are clearly cost implications of additional comprehensive CT scan testing. Differences in the screening procedure may result in differential healthcare resource use during the follow up period, in that the addition of a CT scan may deter further diagnostic tests at a later date. Thus, a comprehensive analysis of the cost implications of the additional test is warranted. In addition, the impact of the implementation of additional screening tests on patient quality of life is unknown.
Field Code Changed
Within Canada, as in other countries with a comprehensive publicly provided health care system, the budget for health care is limited and the pressure placed on this budget is increasing (The Financial Accountability Office of Ontario 2016). Thus, it is necessary that decisions related to strategies which require increased use of health care resources should be taken carefully with due consideration of the opportunity costs of such funding decisions. Thus, the decision problem in this context is whether the funding of a comprehensive abdominal and pelvic CT scan in addition to limited occult cancer screening is a justified use of scarce health care resources.
Against this background, the objective of this analysis is to examine the cost effectiveness of an extensive occult cancer screening strategy that includes a comprehensive abdominal/pelvic CT scan and virtual colonoscopy to a limited cancer screening strategy.
METHODS

Clinical Trial
Details of the SOME trial have been provided elsewhere; therefore, only a summary is provided here (Carrier, Lazo-Langner et al. 2015) . This multicentre, open-label, controlled trial randomized patients who presented with an unprovoked VTE to either limited occult-cancer screening or an extensive screening strategy which included a limited occult-cancer screening in combination with a comprehensive abdominal and pelvic CT scan. Included within the limited occult-cancer screening were basic blood testing, chest radiography and age-and sex-appropriate screening for breast, cervical and prostate cancer. A total of 854 patients were randomised, 423 to the limited screening and 431 to limited screening plus CT scan. The primary outcome was the confirmed diagnosis of cancer, which was missed by the screening strategy, but detected by the end of the 1 year follow up period. Information on adverse events was collected for both screening strategies.
Form of Analysis
We conducted a trial based cost effectiveness analysis to compare costs and outcomes of the extensive cancer screening (limited plus comprehensive CT scan) versus the limited cancer screening alone in patients with unprovoked VTE based on the results of the SOME clinical trial. Outcomes included both the primary clinical outcome from the clinical trial and health related utility values. Thus, if the extensive occult cancer strategy was found to be both more costly and more effective we would assess the incremental additional cancer detected at screening (cost effectiveness analysis) and the incremental cost per QALY gained (cost utility analysis).
The analysis was conducted from the perspective of the Canadian healthcare system, with a timeframe of one year, consistent with the trial duration.
Resource Utilization and Cost
The SOME trial was formally designed to collect information on healthcare resources. At three followup time points -4, 8 and 12 months -information was collected with respect to physician visits, emergency room visits, hospitalizations, all additional investigations pursuant to the investigation of a cancer diagnosis and adverse events over the previous 4 months.
The cost for each patient was calculated by multiplying their resource use by the appropriate unit cost standardized to 2015. Unit costs for healthcare resources were sourced from published Canadian references -where costs are provide on a provincial basis Ontario was used as a proxy for Canada. The 
Utility Assessment
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Patients completed a health questionnaire, the EQ-5D, upon entering into the study and at the 12 month follow up visit (The EuroQol Group 1990) . This validated instrument allows estimation of the impact of each monitoring strategy on the quality of life of patients and the estimation of associated utility values. We used the value set for the United Kingdom in calculating an index score, as a Canadian value set is not currently available.
Missing Data
We conducted a systematic examination of missing data for both costs and utilities following established guidelines for the handling of missing data in cost effectiveness analysis of randomised clinical trials (Faria, Gomes et al. 2014) . This included descriptive statistics to assess the quantity of missing data, an assessment of missing data patterns and an examination of the association between missing data and baseline variables and observed outcomes.
The base case analysis was conducted as a complete case analysis in which only data for those with complete resource and health questionnaire information, at each data point, were included within the analysis. A secondary analysis was conducted using multiple imputation methods to evaluate the impact of missing data on the cost effectiveness estimates. Multiple imputations was conducted with chained equations using predictive mean matching which is appropriate given the non-normal distribution of the cost and utility data to be imputed. We included all covariates thought to be associated with the potential for data to be missing within the prediction equation. These included age, race, gender, costs at each follow up time and baseline and 12 month EQ-5D scores.
Uncertainty
A bias-corrected non-parametric bootstrap procedure involving 5000 replications was used to assess uncertainty around the estimates of incremental cost effectiveness and produce a cost effectiveness acceptability curve (Campbell and Torgerson 1999) .
Budget Impact Analysis
A budget impact analysis (BIA) was conducted from the perspective of the Canadian healthcare system in which we compared the implementation of extensive CT screening for all patients with unprovoked VTE in addition to limited screening versus limited screening alone. Full details are provided in the Online Appendix. The incidence rates for unprovoked VTE were estimated based on a Quebec study which was then applied to the Canadian population to estimate the annual total number of unprovoked VTE events (Tagalakis et al. 2013 , Statistics Canada 2015 . These were then weighted by the cost difference from the economic analysis to estimate the overall budget impact.
RESULTS
Complete Case Analysis
Of the 854 patients entering the study, 784 (92%) (391 within the limited screening group and 393 within the extensive screening group) provided resource data and health questionnaires at all follow up periods. This constitutes the completed case analysis population.
Resource use was comparable between the two arms of the study. There were no significant differences between the screening arms with respect to the number of healthcare contacts or number of days of hospitalization over the follow-up period ( Table 1 ). The number of additional tests was higher within the limited occult screening group, primarily due to a greater number of ultrasounds and laboratory tests, specifically liver enzyme and lactose dehydrogenase tests. However, patients assigned to the extensive cancer screening group required significantly more mammograms and endoscopies.
Within the intent-to-treat population, 428 of the 431 patients assigned to the extensive cancer screening group underwent the comprehensive CT scan and 36 patients assigned to the limited screening arm also received a CT of the abdomen and pelvis. In the completed case population there were 388 of 391 patients who received the comprehensive CT scan in the extensive cancer screening group and 27 of 393 within the limited screening arm that also underwent a CT abdomen/pelvis. No patients within either arm of the trial experienced serious adverse events related to the interventions.
Minor adverse events resolved without need for further intervention and did not incur additional resource use.
Based on the completed case analysis, in comparing the total costs within each arm of the trial, the costs were higher within the extensive screening arm with the average cost per patient of $2394 (95% CI $1566 -$3221) versus $1843 (95% CI $1137 -$2549): a difference of $550.69 (95% CI -535.79 to 1637.16, p=0.32). (Table 2 ) Even without the cost of the comprehensive CT scan, the costs within the extensive screening arm are $333 higher, at an average of $2174 (95% CI $1347 -$3002) per person versus $1841 (95% CI $1135 -$2547), although again, the difference is not significant.
Utility values were not balanced at baseline ( Table 2 ). The mean utility value increased from 0.745 at baseline within the limited screening group to 0.838 at 12 months and from 0.780 within the extensive cancer screening group at baseline to 0.872 at 12 months follow up. Although the utility values at baseline and 12 months differed between the two treatment groups, the change from baseline to 12 months did not differ significantly between the two groups. The utility value improved by 0.092 (95% CI 0.067 -0.116) within the extensive cancer screening group compared with 0.093 (95% CI 0.069 -0.118) within the limited screening group; a mean difference in change of -0.001, (95% CI -0.036 to 0.033, p=0.93).
With respect to the cost effectiveness analysis, after standardizing the rate of cancers detected throughout the trial, the proportion of patients in each arm who had a cancer missed during the screening period were 1.0% with the comprehensive screening protocol and 1.1% with the limited screening protocol. Thus, the incremental cost per missed cancer diagnosis avoided with the more extensive cancer screening strategy is $631,803.
Thus, both the cost utility analysis and the cost effectiveness analysis found the limited screening alone strategy to be more cost effective. Based on these results within the cost utility analysis, the limited screening plus CT strategy was dominated by the limited screening alone strategy in that it was more costly and no more effective. For the cost effectiveness analysis, the limited screening plus CT strategy was more costly and unlikely to be cost effective given the high incremental cost per missed cancer diagnosis avoided.
Analysis with Multiple Imputation of Missing Data
Of the 854 patients studied, 70 (8%) had missing data on either costs or the health questionnaire for at least one time point. Resource use was complete for the original CT scan; however, it was missing in 2.8% of patients at 4 months, 4.7% of patients at 8 months and 3.0% of patients at 12 months. With respect to the health questionnaire, baseline data was missing in 0.7% of patients and 3.4% of patients at 12 months. Descriptive analysis revealed that if one resource element at a specific time point was missing, all resource data for that time point was missing. The pattern of missing data was not monotonic, in that if data was missing for an individual at one time point, it was present in some cases, at a later time point. Examination of the relationship between the pattern of missing variables and both baseline variables and data recorded at different times points, supported the assumption that data is missing at random, as opposed to completely at random.
Missing data on costs at each follow up period and EQ-5D scores at baseline and 12 months were imputed creating 200 imputed data sets. The validity of the multiple imputation process was confirmed through a comparison of the distribution of the imputed data to that of the completed case data which found the two to be similar. Additionally, the Monte Carlo errors were less than 15% of the coefficient and confidence interval estimates, indicating that the number of replications (200) wasere sufficient.
The results of the multiple imputation analysis did not differ significantly from the completed case analysis, although the difference in costs between the two arms was lower, as was the difference in utility values at 12 months. In the multiple imputation data set analysis, the costs of the extensive cancer screening group were higher at $2295.10 (95% CI $1052.47 to $3537.94) than with limited screening alone at $2097.35 (95% CI $135.74 to $4058.97), although the difference was not statistically significant (p=0.31) (Table 4 ). Within the multiple imputation analysis, the change in utility from baseline to 12 months also did not differ significantly between the two groups. The difference in the change in utility values from baseline to 12 months between the extensive compared to the limited screening group was -0.006 (95% CI -0.042 to 0.030, p=0.75).
Based on the revised estimates of the incremental costs from the extensive screening protocol, the incremental cost per missed cancer diagnosis avoided with the extensive cancer screening strategy is $205,801.
Uncertainty
The bias corrected bootstrap found that the probability that a CT scan in combination with limited occult screening is cost effective versus limited occult screening alone is 28.3% for a willingness to pay for a $50,000 per QALY and 21.6% for a willingness to pay of $30,000 (Figure 1) .
Budget Impact Analysis
Based on the current rates of unprovoked VTE in Canada and the cost differences from the completed case analysis, the budget impact of funding a comprehensive CT scan for patients with unprovoked VTEs was estimated to be $4.4 million per annum. Sensitivity analysis suggested the impact could range between $1.4 million and $8.6 million.
DISCUSSION
This analysis found that an extensive occult cancer screening strategy combining a limited occult screening with a comprehensive CT scan of the abdominal and pelvis in patients with unprovoked VTE was more costly than the strategy of limited occult screening alone. This may be expected due to the incremental usage of CT scans, though it was uncertain whether the use of CT may have deterred the use of further diagnostic tests. There was no difference between the groups with respect to the number of physician visits. However, our analysis did find that those receiving a limited cancer screening alone did undergo statistically significantly more investigations, although the mean cost of investigations per patient did not differ between the screening strategies.
The ability to assess the comparative cost utility of the two interventions was limited because information on patient quality-of-life was collected only at baseline and at 12 months follow-up.
However, the conduct of extensive CT screening is expected to have very limited impact on patient quality-of-life. As there was no significant difference in the detection of occult cancer between the two strategies there is no reason to expect a difference in utility between the two strategies. This is supported by the comparable change from baseline in utility with both strategies.
The combination of limited occult screening with the comprehensive CT scan did not result in greater effectiveness in terms of changes in quality-of-life as expressed by utility values and had a negligible impact on the detection of cancers missed during the screening as compared with limited screening alone. The addition of the comprehensive CT scan will result in significant cost implications for the healthcare system, with an incremental cost of over 4 million dollars annually. Thus, given the higher costs and no improvement in either effectiveness or health related quality of life, we conclude that the addition of a comprehensive abdominal and pelvic CT scan to limited occult cancer screening in patients who present with an unprovoked venous thromboembolism is not a cost effective use of scarce health care resources.
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Base Case Analysis
A budget impact analysis (BIA) was conducted from the perspective of the Canadian healthcare system in which we compared the implementation of extensive CT screening for all patients with unprovoked VTE in addition to limited screening versus limited screening alone. The incidence of unprovoked VTE was estimated based on a Quebec study which used linked administrative databases to estimate the age and sex specific rate of VTE (Tagalakis et al. 2013 ). These incidence rates were applied to the Canadian population to estimate the annual total number of VTE events (n=35,686) (Exhibit C) (Statistics Canada 2015). An estimated 22.5% of these events were unprovoked (n=8039). Based on the cost estimate from the SOME analysis, the estimated incremental cost of implementing the CT screening strategy in addition to limited screening versus limited screening alone is $4.4 million per year. Although this cost is small in comparison with the budget for other cancer screening programs such as those for breast cancer and colorectal cancer, these population based programs have been shown to be cost effective. (Cancer Care Ontario. 2016) By not investing in extensive CT screening for patients with unprovoked VTE, these funds could go toward funding more cost effective heathcare interventions.
Sensitivity Analyses
Deterministic Analysis
The base case estimate is based on the definitive cases of VTE within the Quebec study; however, the study also provided an estimate of total VTE cases which included both definitive and probable cases within the linked administrative databases. The estimated rate of definitive and probable VTEs is 1.341 per 1000 person years, of which 32% are unprovoked (Exhibit C). Based on these estimates, the incremental cost of the extensive CT screening strategy with limited screening versus limited screening alone is $8.6 million per year.
Repeating the analysis using the cost difference identified from the multiple imputation analysis found a range in budget impact of between $1.4 million and $2.8 million per year.
Probabilistic Analysis
Using the uncertainty estimates from the source data, we fit probability distributions for each of the input parameters within the BIA (Exhibit C). Costs were assigned gamma distributions and probabilities and incidences were assigned beta distributions. We then conducted a Monte Carlo simulation to produce 5000 estimates of the total annual costs to the Canadian healthcare system of the two strategies.
Based on the estimated number of definitive unprovoked VTE events, the annual cost for the limited screening plus CT resulted in an annual cost of $19,267,442 (95% credible interval $13,195,199 to $26,435,209) versus $14,779,798 (95% credible interval $9,729,814 to $21,065,059) resulting in an incremental annual cost of $4,487,645 (95% credible interval -$4,132,103 to $13,224,886) . 
